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OBJECTIVE

To establish the water absorption rates for the SAMSON
and PHILLYSTRAN cables.

EQUIPMENT

Water tank
Ohans, Triple Beam Balance, 2610 g capacity

PROCEDURE

Five series of tests were performed measuring the per-
centage weight increasc versus time for a completely submerged
rope. The five tests were on:

a. SAMSON without nylon jacket

b. SAMSON with jacket

c. PHILLYSTRAN with polyurethane jacket

d. PHILLYSTRAN with a 5/8" slit in the jacket

e. PHILLYSTRAN without jacket
Rope samples varied from 12 inches to 18 inches in length. The
ends were scaled with paraffin wax so that water would be absorbed

radially rather than axially. Tests were performed under the
following conditions:

a. Room temperature - 70°F + 5°F

b. Water temperature - 18°C

c. Humidity was about 30%

All data plots were performed on an HP-9830 computer
using polynomial regression to achieve a least-square fit.

TEST 1

The first test was performed on SAMSON without its nylon
jacket. Ten samples were used, each approximately 15 inches in
length. The samples were weighed before and after immersion in
the water tank and the percent weight increase was obtained.
The data is shown below and plotted in Figures 1, 2, and 3.
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Orig. Weight (g) Time Final Weight (g) % Increase
10.8 10 sec 12.9 19.4
11.6 20 sec 14.7 26.7 1
2.7 40 sec o AT 37.6 %
11.6 1 min © 16.0 37.9 :
11.6 2 min 16.6 43.1 ’
11.7 : 5 min 17.7 51.3
11.7 10 min 18.0 53.8
31.7 K 20 min 18.1 54.7
11.7 30 min 18.5 SR
¥1.7 60 min 20.2 72.6
11.7 4 days 21.4 82.9

COMMENTS - TEST 1

~ The data above shows that large amounts of water were
absorbed by the SAMSON cable without its protective jacket.
The results are somewhat misleading, however, due to the
fact that the rope was completely submerged in water and
under no tension.

First, the rope should not be subjected to this degree of
saturation under normal operating conditions, Also, much of
the water absorption was due to the radial expansion of the
rope after immersion. When the cable is under load, the
tension should prevent this expansion by reducing the air
space around the fibers and thus reducing the volume of water
that can be absorbed. As will be shown below, the nylon
jacket keeps the rope fibers close together and greatly
reduces the water absorption rate and volume.

TTEST 2

The second test was performed on SAMSON with its nylon
jacket in place. The same procedure was followed as in Test 1
on ten samples of cable. The results are shown below and in
Figures 1, 2, and 3. \

Orig. Weight (g) Time Final Weight (g) % Increase
20.1 10 sec 21.7 V49
20.4 20 sec 22.3 - I
20.6 40 sec 22.8 10.7
20.8 1 min 23.6 13.5
20.5 2 min 24.0 15.4
20.5 5 min 24.0 17wk
20.5 10 min 24.3 i8.5
20.5 20 min 24.3 18.5
20.5 30 min 24.5 19,5
20.5 64 min 89 el 22.0
20.5 6 days 25.6 24.9




COMMENTS - TEST 2

This test points out the advantage of using the nylon
jacket on the SAMSON cable. The jacket keeps the fibers
close together and prevents the large weight increases
experienced without the jacket.

TEST 3

This test was performed on the PHILLYSTRAN cable with
its polyurcthane jacket in place. No appreciable increase
in weight was found. The original weight of a 12 inch sample
was 15.1 grams and after 60 minutes its weight was 15.2 grams.
The PHILLYSTRAN can thus be considered virtually waterproof
with its jacket in place.

TEST 4

Test 4 was performed on the PHILLYSTRAN cable with its
jacket but a 5/8 inch slit was cut through the jacket in line
with the twist of the rope. The original weight of the 12
inch sample was 14.9 grams, The results are shown below
and in Figures 4 and 5. g

Time ‘Final Weight (g) % Increase

10 sec 1Sk
20 sec 157l
40 sec 15.1
1 min 15.2
2 min 15.3
5 min 15.3
10 min 15.4
20 min 15.75
40 min 159
min 16.0
4 days 17.7
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COMMENTS - TEST 4

This test was performed to see the effect of small
cracks in the protective jacket of PHILLYSTRAN, The results
show that a small slit will produce only small weight increases
based on recasonable periods of exposure.

TEST 5

The final test was performed on PHILLYSTRAN with
its protcctive jacket removed. Eight 12 inch (approximately)
samples wore used and the procedure was the same as in Test 1.
The results are shown below and in Figures 4 and 5.
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Orig Weight (g) Time Final Weight (g) % Increase
10.7 20 sec 12.4 15.9
10.3 40 sec 12.2 18.4
: 10.3 1 min 12.4 20.4
i .10.2 2 min 12.8 25,5
10.1 5 min 12.7 2547
10.0 10 min 12.8 28.0
9.9 33 min 13.0 31.3
9.9 2o R g 13.2 33.3
9.9 4 days 14.75 49.0
4 COMMENTS - TEST 5

The data of Test 5 illustrates the increased water
absorption of PHILLYSTRAN without its protective jacket.
The absorption.rates of PHILLYSTRAN are considerably lower
than the corresponding ones are for SAMSON.

CONCLUSIONS

Based on the data gathered, PHILLYSTRAN cable absorbad
much less water than did SAMSON cable for all conditions.
The polyurcthane jacket on PHILLYSTRAN was virtually water
repellant, however, it is possible that the jacket could
crack at very low atmospheric temperatures and cyclic loads.
The maximum percentage weight gain for the SAMSON cable with
its jacket was almost one half of that of PHILLYSTRAN without
its jacket (24.9% versus 49.0%). If further testing verified
that the polyurethane jacket would crack at low temperatures,
the nylon jacket as used on the SAMSON cable would have to be
preferable.

:
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FIG. 1 - Water Absorption Characteristics of SAMSON Cable
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() F1G. 2 - Water Absorption Characteristics of SAMSON Cable
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FIG.3 ~ Water Absorption Characteristics of SAMSON Cable
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FIG. 4 - Water Absorption Characteristics of PHILLYSTRAN Cable
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FIG. 5 - Water Absorption Characteristics of PHILLYSTRAN Cable
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EYE SPLICE
? . A*.' FOR L
SAMSON BRAIDED ROPE

by

Donald L. Hausam

January 1976
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% STEP 1: Making the Measurements

a”

The distance A-B is the length of tail that will be buried
inside the core after the splice is complete. (See Comments.) The
distance B-C is a loop the size of the eye desired. If using a
thimble, form the loop around the thimble. Tie a slipknot in the
rope at D, about 10 feet from the end of the rope. Cut through the
Jjacket at C, being very careful not to damage any of the fibers of
the core, and slip that part of the jacket off the rope, exposing
the core from C to the end. Re-mark B on the core.

R ———




STEP 2: Making the Eye

Wrap & layer of tape around the end of the core to keep it
E | together. Then place the end of the core into the open end of the
-:k tubular fid and tightly tape the two together. Open the core at B
3 ‘and'pass the fid through the core at B, making sure there are the
_same number of strands on each side of the fid. '

“ ) 5
e Same number of strands each side

c
!

—=

«— Fid taped to end of core

Continue rulling the fid and core through at B until the core
is completely pulled through and straight, leaving a "hole" in the
core at B with a twist in the strands on either side of the hole
at B.

: ' | l
o Fid
b & 27l E%gggﬁ s

Strands twisted

Take the core between B and C and push it through the "hole" :
at B, going through the core in the same direction that the fid was
pulled through. Do not snag any strands during this step, (See: ,,




== 22222 Loop X

Continue pulling on the core in the region of the eye so thst
Loop X is pulled through the hold at B and disappears. If the core
between B and C was passed through B in the proper direction, the
strands will untwist at B when Loop X is pulled through. If the
strands at B twist nore, you went through B in the wrong direction.
Pull the eye back out of B and push the core through the hole at B
in the other direction. : ‘

N

rid
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STEP 3: Burying the Tail

Size the eye around a thimble or to the desired size. Open
the weave of the core just belcw the eye (C) and insert the fid
into the center of the core. :

Size the eye

-

Pull as much of the core from C to D as possible onto the
fid, being careful not to snag any strends. Then bring the tip
of the fid back out of the core and pull the fid and slack out .
as far as possible. ‘

"N y . .h‘
RS TRE AT N o
e T g i‘,_f‘.
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COMMENTS

1. In my work with one-quarter inch diameter Samson, & buried
tail of 15 inches (length A-B) was sufficient even during
cyclic loading. Six inches was the minimum for a static
load. The longer the tail, the less chance that the tail
will pull out.

If any strands are snagged in the weave, they are very
difficult to smooth back into the weave. As load is applied, -
the squeezing action of the weave will not let the snagged
strand smoolh itself cut and that strand will break pre-
maturel&. The break strength of the rope is thus reduced

by snags. i

The smocther the taper of the tail, the less chance the rove
will breek at the splice. I got 100% efficiency out of the
splice by cutting two strands at a time evenly over a dis-
tance of eight inches in & 12-strand rope.” A blunt tail

(no tapering) will give about 80-85% efficiency.
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STEP 4: Tapering the Tail

Remove the fid from the e;xd of the core. Start tapering
the core about halfway between C and A by cutting one or two ‘
strands at & time evenly spaced until reaching A. (See Comments)

/’;a.pered Tail

While holding the eye, grasp the core just below the eye
and milk the core down toward D. The tail will be drawn dback
inside the core as you do this. Untie the knot at D and the
splice is complete.
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EQUIPMLNT

f tool -

:
:
:

PROCEDURL

-

f COUBCTIVE T :

i ,‘.') : v5"':j‘.. - ' . y -

| o estahklish the relative strengths and the strength

{ degradation of similarly rated Cortland and Phillystran ropes
i resulting fron cyclic loadinyg imposed on the ropes during

a‘ PR flight tests at White Sands Missiie Range, New Mexico.

Tinius-0lsen 120,000 Super L tensile test machine
Nicopress aluminum crimping connectors and crimping

1. The following test data pertains to Cortland rope,
18 strands of kevlar 29 in a black braided protecctive jacket,

with a rated break

strength of 7000 nounds.

: - A nominal break strength of new rope was cstablished
by loading Yo failurr 10 samplces of rope which were in ncw

condition (no orio
af the used e e (
WSMR) wasn alac sl

r loading history). A nomin2l break strength
rope that was flown in ilovembec L1975 at
atilished by loading to ' tlutr > Lu Lotal

samples of Fhie ropo.  Five samples were (a:on from the end

af thes ¥ome thalb b
five sampiles wotee

NLE Lot ine Yo Eon

minukte) . Al and

to those made m t
WSEMR.

Cortland (con

2.1 been nearest the tr vt on drive, and

taken from the end neaves. the [ @it icad.
used were slow (less th i, 2000 pounds per
torminatiens were braided ceyelel: similar
he Cortland rope during ficeld tooting at

trol samples)

Test Brea~ Strongth (pounds) ; Remarks

1 2300 4 strands in linc failed

2 9000 1 strand in line failed

3 8900

4 7900 bottom splice slipped,
then failed

5 7920 one strand failed at a time

6 . B280 boktent aplicae siipped;
thon pailed

7 9500 failure an splice

8 9460 railtre dn splice

9 8400 failure in Line

10 8900 tadlure in splice

Cortland (end

) 8070

of rope ncarest traction drive)

2 slips, then tailure in
splice "




EL 0 70650 S11ps W spliedo

S 7200 gingl-: s rands in line
11 3700 Lt Al 800 th
| SR 1600 abrapt failurs i splice

Cor L.i.'ln" ((_?Hd 8% ] YO ORI i ([)i.)" l\'-\ll)

16 $400 ) e e R P LR B B
sulice

17 o0 siugle ai rancs wn tine

106 e a6 patlure: iy line

L9 7820 St TS ol v

20 7600 failure 1n 1ie

Remarks for Cortland

Fqgqualizing tension of all strands in the splice was
difficult. If 4{hoe splice slipped once or twice at. lower
loads, however, tne tension was cqudalized hy the ¢lippage.
The rope would then fail abruptly in the splice through halfl
the strands. [f the splice did.not slip during lcading,. the
tailure generally occurred in one strand away from the splice
at a fairly tow load. If the splice sliype i at high load,
the rope heatbedl soverely in the region o0 the sluppage (gray
smoke was oivey off).  Strength loss due to this aeating and
abrasion would be hard to estimate.

Statistic 1 analysis could be performed on thoe test
data, but the results would not be too mcaninatul lue to
data scatter. Tests 7, 8 and 10 were veay imilar in that
no slippage eccurred and failure was abropt in the splice.
Test sample 15 tailed in ddentical fashica.  Toots 16 through
20 axe rather .neconclusive. If you comp. r. bhtreak strengths
of new and usel ropes based on mode of £ ijwe (slips in
splice bofore Zailure, failure in line) vou will sce that the
results arce sinmilar.

2. The following test data pertain: to Phillystran
rope, four cores of braided “evinr 29 with resin impregnation
in an extruded polyurethane jacket, with a rated break strength
of 7000 pounds ‘

A nominal break strengeh of new ropo woas estanlished by
toading Lo fal i Live sacplos of rope which woeze np now
comdition (e @ togt #2). A nominal broal skErengily of khe

I
tsed rope was also eostablisned by toading to failure five
gamples of vop s taken from ficld "est §3. All loading ra-uvs
wore ) ow. ALl ond Lormipation: wore cyelets formed usin
Nicopress connctors crimpoed against the core of the rope
(jacket romoved to prevent slippage).
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5 Phillystran (samples from field test #2)
W mest Break Strength (pounds)
" 21 : ' 6000
22 5570
©23 6160
24 BRI
25 57€0

Phillystran (samples from 1 ield test #3)

e

: 26 5170

: : 29 574°)

| 28 4970
| 29 6300

.:30 5860

Remarks for Phillystran

The crimpinhg connectors cause a lriaxial stato ¢ €

, stre s in the rope which is grecater than the state o

1 Eeons away Tyame the oad Eerminations.  Bach ol dihe @ apes
(excopt Lest '3) haed an abrupt failure throwigl the o rire
rope ab Liv poist that. the rope left the conncetor « wway

B i AT s (R Jixliss the iouter core o f tim 7w hed,
L iR LDt o olber eere carried ot Wil tie foad. B
Fawkuec s dhoat 2k wiatas shonld probably T e o oo,

stakisticatly thore was a gtrength Lo luetion af 2% (if
e ot 29 18 dismreeantid ), and i datd scatter 1s Gn e urdoy ol
Lo The faberoclbing poiht to note is thal the hi jleist break
strenath an 10 tecls oocurred on test 29 which wait pei-tormed

on usied rope.

COMPARISON OF PHILLYSTIAN AND CORTLAND

I would conclude from the i{nsts Lhat no strenglh
degradation occurrced in either rope due to usage in the
7 ticld. T was, however, rathoer concerned about the Tow
E { break strength of Phil) iveat>an as comparced to Cortland. ‘'The
z AeTgitE OE ChHEL Lard At By i e L) LS e 26e S 1 cinen ook
: sompoced bo 307 LhZLOGO G e for Phitlrstivans © In order to
determine s roenglh Lo weigh  ratios, I nooded te know the
efticioney of splices used o Cortland and Philisstiran. 1
analyzed Phillystran fir:t.

; | The Phillystran rope is mcede up of four cores of braiding,
4 ‘ one woven ovor the ou!side of (e other. The tirst core is

ki ! 16 strands Lraided around a white fabric strand (content

: unknown). The sccond and third cores are braide !l using 24
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strandg aidch, and the {ourth core is made of 32 cirands.

Tie strands in the differont cores are not the sawme sizc,
howeve 17, 80 no correlation. ‘an Lo made bhetweern nunboer ol
strands cui v ditferentl cores and perceont strengLh lose

due. to theo: strands being cnt I sseumed thal Yhece waoald

be @ linear re labicoehup Betwesn samoer af sty amis cut in the
sabey ahre (ail sbhrvands are L o 6o silze 45 i ans core) Jnd
tevsbed pope s witl all entor sbramids cut (32), o6 sbtands culb,
and "8 stranls cut.

¥ _Strancs ul Break Sirensel,
4.2 3E35E Y
3 30 1L
16 4920 1b
) 6060 1b

Graph | illustrates this data with a projected break
strength ftor the uncut rope. The scatter bands standard
deviaticn o ) are based upon scatter in the data luiing
kestn Jil tlivough 25, since all the failuves were wosentially
the same doaring those tests. The maximum (940 probabiliby)
projecte | break trength for Phillystran is 7500 (b, giving
about 785 mainitnwn officiency in the splice. Assuning 1060%
efficiency n whe Cortland splice, the (fo; tland ¢t 1!!' has
a signitican t strength to weight advantage over 13}, ystran.
The ahove rosults yield only a rough approxitmalion, however,
duc Lo Lie . imntted amount of data points.

I did not estimate a splice efficiency for Cortland.
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THEORETICAL ANALYSIS
OF
STRESSES IN A SMALL DIAMETER ROPE
RESULTING FROM SPOOLING THE ROPE

UNDER TENSION ONTO A STORAGE DRUM

5 March 1976

Captain Donald L. Hausam




